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TECHNICAL FIELD 

This invention relates to medical devices, and more particularly to a method and apparatus 
for sealing internal incisions or punctures utilizing a block and tackle. 

BACKGROUND OF THE INVENTION 

Medical science has advanced tremendously in the last century to include the use of 
numerous complex internal procedures to treat various human conditions. Many of these procedures 
require a surgeon to pimcture or slice into a portion of the internal human anatomy in order to 
perform a particular process. For example, many cardiology procedures require accessing the 
internal portion of a corporeal vessel. After a procedure is completed, the surgeon must repair 
damage to the internal organ or vessel in order for the patient to properly recover. While it is 
possible to suture or seal the skin and other large organs after the procedure, it is not alv^ays possible 
to suture delicate vessels with the same technique. Therefore, new techniques have been developed 
to seal punctures and incisions in delicate vessels such as arteries and veins. 

One device currently used to seal punctures in delicate vessels in a quick and efficient manner 
so as to minimize the recovery time of patients undergoing these types of procedures is the Angio- 
Seal®. The Angio-Seal® is commonly used to seal arteriotomys including those created when the 
femoral artery is deliberately punctured in order to perform a vascular procedure. The femoral artery 
is often punctured in order to clear blockages or obstructions in the patient's circulator}^ system. 
Examples of the Angio-Seal® are disclosed by United States Patent numbers 5,282,827 and 
5,662,68 1 , which are hereby incorporated by reference. These patents describe certain embodiments 
of Angio-Seal® devices and procedures for sealing an arteriotomy or other internal punctures and 
incisions. 
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As described more fully in the aforementioned patents, when an Angio-Seal is used, an 
anchor is most often inserted through an arteriotomy and positioned against an interior wall of an 
artery. A collagen sponge is positioned at an exterior wall of the artery above the arteriotomy. The 
anchor and collagen sponge are then sandwiched or compressed together to facilitate rapid 
hemostasis and sealing of the arteriotomy. 

The process of sandwiching the anchor and the collagen sponge together is initially 
performed manually by pushing a tamping tube distally while exerting a proximal force on a suture 
extending from the Angio-Seal® device to the collagen sponge and anchor. A tamping spring is then 
attached to the distal end of the suture between the tamper tube and a crimp stop on the suture so as 
to maintain opposing forces on the suture and the tamping tube. Unfortunately, the extra step of 
attaching the tamping spring to the suture further complicates the procedure and requires the use of 
the extra external spring component, which may be misplaced or misused during the surgery. 
Surgeons often perform extremely complex procedures and it is important to simplify devices as 
much as possible so as to allow them to concentrate on patient care, and not on extraneous 
components. In addition, a faster method of sealing an incision generally translates into less blood 
loss for the patient. Therefore, there is a need in the industry for a device that is capable of 
simplifying the process of tamping or sandwiching an internal and external component together in a 
tissue puncture sealing device such as an Angio-Seal® device. 



SUMMARY OF EMBODIMENTS OF THE INVENTION 

The issues raised above and others are addressed by embodiments of the present invention, 
which is directed to a tissue puncture closure assembly incorporating a block and tackle for assisting 
in sealing an internal incision with an internal and external component. The assembly may include a 
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puncture closure device and an insertion sheath. The block and tackle provides a mechanical 
advantage for sandwiching the internal and external components together across the internal incision. 
The internal and external components of the puncture closure device may be an anchor and collagen 
sponge, respectively. Likevy^ise, the internal incision is generally an arteriotomy intentionally created 
in order to perform a vascular procedure. The addition of the block and tackle provides a greater 
compression force at the arteriotomy than previously available and eliminates the steps of tamping 
the collagen sponge with a tamping tube, attaching a tamping spring to the suture in order to exert a 
continuous pressure between the anchor and collagen sponge, and later removing the tamping spring. 

One embodiment of the present invention provides a tissue puncture closure assembly, the 
assembly comprising a tissue puncture closure device having a distal and a proximal end, a block and 
tackle disposed in the tissue puncture closure device and anchored to the proximal end, a first 
filament extending from the block and tackle, an anchor attached to the first filament at the distal end 
of the tissue puncture closure device, and a sealing plug attached to the first filament between the 
anchor and the block and tackle. 

Another embodiment of the present invention comprises an Angio-Seal® device including a 
block and tackle configured to generate a mechanical advantage and compress a collagen sponge and 
anchor together across an arteriotomy. The block and tackle may be any device that fimctions in a 
pulley-like manner to trade force for distance, although it may or may not include any actual rolling 
pulleys. One embodiment of the block and tackle includes an elongated device having three holes 
and two risers. The first hole may be separated from the second and third holes by the risers. The 
risers prevent interference between filament loops that extend through the first and second holes of 
the block and tackle. In order to create the mechanical advantage, the filament is looped through the 
block and tackle multiple times. The third hole may be used for securing a separate filament 
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between the block and tackle component and the collagen sponge and anchor. The separate filament 
extending from the block and tackle to the collagen sponge and anchor is configured such that an 
outward or proximal force on the filament threaded through the block will result in a compression 
force between the anchor and collagen sponge. 

An additional embodiment of the present invention is directed to a method of sealing a tissue 
puncture accessible through a percutaneous incision. First, an internal component and an external 
component are inserted into the incision. The internal component is passed through the puncture, 
into a lumen, and positioned against an interior wall of the lumen. The external component is 
positioned outside of the lumen, adjacent to an exterior wall of the puncture. Second, an initial 
outward or proximal force is applied to a device that translates the initial outward force into a 
multiplied compression force between the internal component and external component across the 
puncture. The initial outward force is multiplied into a compression force by a block and tackle 
according to some embodiments to provide a mechanical advantage. Third, any non-biologically 
resorbable portions of the device are removed firom the incision, leaving the internal component and 
external component across the puncture. 

The present invention contains numerous advantages over the prior art. The prior art 
methods of sealing an internal incision require a separate tamping step and the application of 
sustained compression pressure on the internal and external components for a period of time in order 
to seal the puncture. The compression pressure requires either a manual force or the use of a special 
spring. The present invention provides a method and apparatus for multiplying a compression force 
between the internal and external components through a mechanical advantage. The compression 
force generated by the described device does not require a prolonged period of manual or spring- 
compression, and therefore eliminates the extra steps and/or components required by the prior art. 
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The foregoing, together with other features and advantages of the present invention, will 
become more apparent when referred to the following specification, claims and accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described below with reference to the 
accompanying drawings: 

Fig. 1 is a cutaway perspective view of a tissue puncture closure assembly including a block 
and tackle according to one embodiment of the present invention; 

Fig. 2A is a top view of the block and tackle illustrated in Figure 1 ; 

Fig. 2B is a profile view of the block and tackle component illustrated in Figure 1; 

Fig. 3 A is a cross-sectional view of a tissue puncture closure assembly including a block and 
tackle, after an anchor and collagen sponge have been properly positioned within an incision 
according to one embodiment of the present invention; 

Fig. 3B is a cross-sectional view of the tissue pvmcture closure assembly including the block 
and tackle of Fig. 3 A, illustrating a result of a generated compression force between the anchor and 
collagen sponge in response to pulling a tab; 

Fig. 3C is a cross-sectional view of the tissue puncture closure assembly including the block 
and tackle of Fig. 3B, illustrating removal and separation of the tissue puncture closure device from 
the anchor and sponge; 

Fig. 3D is a cross-sectional view of the tissue puncture closure assembly illustrating final 
removal of the block and tackle of Fig. 3C. 
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Throughout the drawings, identical reference numbers represent similar, but not necessarily 
identical, elements. 

DETAILED DESCRIPTION OF THE INVENTION 

Reference is now be made to the drawings to describe presently preferred embodiments of the 
invention. It is to be understood that the drawings are diagrammatic and schematic representations 
of the presently preferred embodiments, and are not limiting of the present invention, nor are they 
necessarily drawn to scale. 

The present invention is directed to a tissue puncture closure assembly including a closure or 
sealing device incorporating a block and tackle for assisting in sealing a puncture, such as a vascular 
puncture, through a percutaneous incision. The sealing device includes an internal and an external 
component. The block and tackle creates a mechanical advantage by translating a proximal or 
outward force into a multiplied compression force between the intemal and external sealing 
components. The sealing device may be incorporated with an Angio-Seal® device. The intemal and 
external components are preferably an anchor and collagen sponge respectively. Likewise, the 
vascular puncture is generally an arteriotomy intentionally created in order to perform a vascular 
procedure. The ability to exert a multiplied compression force across the arteriotomy eliminates 
additional steps of tamping the collagen sponge with a tamping tube, attaching a tamping spring to a 
filament in order to exert a continuous pressure between the anchor and collagen sponge, and later 
removing the spring from the filament. Also, while embodiments of the present invention are 
described in the context of a method and apparatus for generating a mechanical advantage with a 
specifically illustrated puncture closure device, it will be appreciated that the teachings of the present 
invention are applicable to other devices and applications as well. For example, the block and tackle 
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may be incorporated into other types of medical devices that require a pulling force to compress or 
cinch various members together. 

Reference is initially made to Fig. 1 , which illustrates a cutaway perspective view of a tissue 
puncture closure assembly, designated generally as 100. The tissue puncture closure assembly 100 
includes a closure device 102 and an insertion sheath 104. Fig. 1 illustrates the closure device 102 
positioned with an anchor 185 set against an internal wall of a lumen, which is an artery 190 
according to Fig. 1 . A puncture or hole 106 in which the anchor 1 85 enters the artery 1 90 is referred 
to as an arteriotomy. One or more steps are performed to insert the closure device 102 through an 
incision 108 in a patent's skin 150 and properly set the anchor 185 as shown. One example of the 
steps is described in more detail in referenced U.S. Patents 5,662,681 and 5,282,827. 

The closure device 1 02 further includes a first filament 1 75 , a cap 1 05, a second filament 1 45 
threaded through a plate 165 and the cap 105 to create a block and tackle 160, a sleeve 140, a 
collagen sponge 180, and an anchor 185. The cap 105 is located at a proximal end of the closure 
device 102. The second filament 145 is fixed to the cap 105. The second filament 145 extends firom 
a first end 146, to the plate 165, and back through the cap 105, where it terminates with an optional 
tab 115. 

The sleeve 140 is a hollow tubular member that extends distally fi:om the cap 105 to the 
collagen sponge 1 80 and anchor 185 located at a distal end of the closure device 1 02. The block and 
tackle 1 60 is partially disposed within the sleeve 1 40 between a proximal end 1 22 of the cap 1 05 and 
the collagen sponge 1 80. The first filament 175 loops through the block and tackle 160 and extends 
through the collagen sponge 180 and around the anchor 185, then returns proximally through or 
around the sponge 180 and ties onto itself in a self-tightening slipknot 182 between the collagen 
sponge 1 80 and the block and tackle 1 60. Thus, as tension is applied to the first filament 1 75 via the 
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block and tackle 160, the knot 182 slips along the first filament 175 distally, cinching the collagen 
sponge 180 and compressing the anchor 185 and the collagen sponge 180 together across the 
puncture 106. 

The cap 105 is a semi-hollow rigid structure comprised of lightweight plastic or another 
material. A first end 146 of the second filament 145 is fixably secured to the cap 105 with first and 
second stop plugs 125,130. First and second recesses 137, 139 are also disposed at a distal end of 
the cap 105 so as to allow portions of the second filament 145 to pass between the cap 105 and the 
plate 1 65. Edges 1 32 of the first and second recess 1 37, 1 39 may be beveled or rounded to minimize 
fi-iction as the second filament 145 passes between the cap 105 and the plate 165. Extending outside 
the cap 1 05 is the tab 1 1 5 attached to the second filament 145, which provides a grip for an operator 
to apply a proximal or outward force to the second filament 145. The tab 1 1 5 is attached to a second 
end 1 48 of the second filament 1 45 opposite firom the first end 1 46 that is fixably secured by the first 
and second stop plugs 125, 130. The first and second stop plugs 125, 130 are rigid members 
compressed together around the second filament 145 such that the second filament 145 cannot slide 
therebetween. A portion of the second filament 145 extends firom the plate 165 through the first 
recess 137, through first and second silicone tensioners 110, 120 and out to the tab 1 15. The first 
and second tensioners 110, 120 impart a fi-ictional force to portions of the second filament 145 
passing therethrough so as to prevent the tab 1 1 5 from accidentally being pulled at an improper time. 
The operation of com.pressing the anchor 185 and collagen sponge 180 is described below with 
reference to Figs. 3A-3D. 

As described above, the block and tackle 160 is located at least partially within the sleeve 
1 40. The block and tackle 1 60 comprises a plate 1 65 having a plurality of holes therein, the cap 1 05 
(including the holes 137, 139 disposed therein), and the second filament 145 traversing the plate 165 
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and the cap 105. According to the embodiment of Fig. 1, the plate 165 includes three holes 202, 204, 
206. At least two of the holes 202, 204 facilitate looping of the second filament 145 and therefore 
provide a mechanical advantage to the operator in generating tension in the first filament 175. 
Alternatively, fewer or additional holes may be incorporated into the plate 165 and the cap 105 in 
order to generate a different mechanical advantage. The plate 1 65 is shaped to fit within the confines 
of the sleeve 1 40. It may be desirable to minimize the diameter of the sleeve 1 40 and a profile of the 
plate 1 65 in order to minimize the size of incision(s) that must be made in a patient. The diameter of 
the sleeve 140 is not drawn to scale in Fig. 1 but is exaggerated to illustrate the components of the 
tissue puncture closure assembly 100. The plate 165 may include one or more riser portions, for 
example the two riser portions 170 shown. The two riser portions 170 protrude so as to minimize 
interference between first and second loops 172, 174 of the second filament 145 comprising the 
block and tackle 160. The shape and structure of the plate 165 is described in more detail below 
with reference to Figures 2 A and 2B. 

The second filament 145 traverses the plate 165 to the cap 105 in a manner that provides a 
mechanical advantage when an outward or proximal force is applied to the second filament 145. As 
mentioned above, the first end 146 of the second filament 145 is fixably secured to the cap 105 via 
the first and second stop plugs 125, 130. The second filament 145 extends fi-om the first end 146 
through the second recess 139 of the cap 105 and through the first hole 202 in the plate 165. The 
second filament 145 then returns proximally and loops through the first and second recess 1 37, 1 39, 
respectively, of the cap 105. The second filament 145 extends distally through the second recess 139 
and through a second hole 204 in the block 160. The second filament 145 then returns back through 
the first recess 1 37 of the cap 1 05, between first and second silicone tensioners 1 1 0, 1 20 and out the 
proximal end 122 of the cap 105, terminating with the tab 1 15. By looping the second filament 145 
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multiple times between the cap 105 and the plate 165, a four to one (4:1) mechanical advantage is 
created on the plate 165. The mechanical advantage of the block and tackle 160 thus multiplies an 
initial manual force when applied proximally via the tab 115. Therefore, in the illustrated 
embodiment, when the tab 1 1 5 is pulled proximally or away from the cap 1 05 with an initial outward 
force, the second filament 145 traverses the plate 165 and cap 105, generating a force on the plate 
165 and therefore the first filament 1 75 of approximately four times the initial outward force placed 
on the tab 115. 

The first filament 175 connects the block and tackle 160 to the collagen sponge 180 and 
anchor 185. The first filament 175, collagen sponge 180, and anchor 185 may be biologically 
resorbable, as they will generally be left in the patient's body after the puncture 106 is sealed. The 
first filament 175 loops through the third hole 206 in the plate 165 and knots onto itself in the one- 
way slip knot 182. The first filament 175 also passes through the collagen sponge 180, the anchor 
185, and back through the collagen sponge 1 80 where it is slip-knotted between the sponge 1 80 and 
the plate 165. Therefore, the one-way slip knot 182 tightens and moves distally toward the anchor 
185 when imder sufficient tension, and compresses the collagen sponge 180 and the anchor 185 
together, but does not retract proximally or release the compression between the anchor 185 and 
sponge 180 when tension is released. By extending the first filament 175 through the collagen 
sponge 1 80 and anchor 1 85 as described above with the slip-knot 1 82, a single outward or proximal 
tension force on the first filament 175 will cause the collagen sponge 180 and anchor 185 to 
compress together across the arteriotomy 106 in the artery 190. Since the first filament 175 is 
attached to the block and tackle 1 60, the outward force generated on the block and tackle 1 60 via the 
second filament 145 is translated into a compression force between the collagen sponge 180 and 
anchor 185. 
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The closure device 102 is shown in Fig. 1 engaged with the insertion sheath 104. The 
insertion sheath 1 04 comprises a generally flexible tubular member 1 07 with a hemostatic valve 1 1 1 
at a proximal end thereof. The insertion sheath 104 includes a fold 113 disposed at a first or distal 
end 117 thereof The fold 1 1 3 acts as a one-way valve to the anchor 1 85. The fold 1 1 3 is a plastic 
deformation in a portion of the insertion sheath 1 04 that elastically flexes as the anchor 1 85 is pushed 
out through the first end 1 17 of the insertion sheath 104. The anchor is initially arranged in a low 
profile configuration aligned a longitudinal axis of the insertion sheath 104. However, as the anchor 
1 85 passes though and out of the first end 1 1 7 of the insertion sheath 1 04, the fold 113 springs back 
and closes, such that the anchor may not be reinserted into the insertion sheath 104. Further, as the 
closure device 102 is retracted with respect to the insertion sheath 104, the anchor is automatically 
rotated into a transverse expanded configuration as shown in Fig. 1, deployed against the internal 
wall of the artery 190. 

Reference is next made to Figs. 2A and 2B, which illustrate detailed views of the plate 165. 
Fig. 2 A is a top view of one embodiment of the plate 165. The plate 165 includes opposing risers 
1 70, the first hole 202, the second hole 204, and the third hole 206. The plate 1 65 is a rigid or semi- 
rigid elongated member. The plate 1 65 may or may not be made of biologically resorbable materials. 
The first hole 202 is positioned at a first or proximal end of the plate 165. The second and third 
holes 204, 206 are positioned distal to the first hole 202. The risers 170 are shown positioned 
between the first and second holes 202, 204 and are mirror images of one another, but this is not 
necessarily so. According to some embodiments there may be only one riser 1 70, and according to 
others there may be no risers at all. Still other embodiments may include three or more risers 170. 
Further, the two risers 1 70 shown (or others) need not be the same size or shape, and may or may not 
be located directly opposite of one another as shown. However, according the embodiment of Figs. 
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2A-2B, a suture may be looped through both the first and second holes 202, 204 with little or no 
interference therebetween because of the spacing between loops afforded by the risers 170. If the 
filament loops 172, 174 (Fig. 1) are allowed to interfere with one another, there is a potential for 
tangles or obstructions that the risers 1 70 help to avoid. 

The third hole 206 is positioned at a distal end of the plate 165. The third hole 206 may be 
used to attach the plate 165 to the anchor 185 and collagen sponge 180 via the first filament 175 as 
illustrated in Fig. 1 . 

Fig. 2B is a profile view of the plate 165. Fig. 1 also illustrates a profile view of the plate 
165 showing how it is positioned relative to the tissue puncture closure assembly 100. The profile 
view clearly illustrates the two risers 170 on opposing sides of the plate 165. The first, second, and 
third holes 202, 204, 206 are phantomly illustrated to show how the holes extend through the plate 
165. 

Reference is next made to Figs. 3A-3D to illustrate the process of compressing the collagen 
sponge and anchor together with the aid of the block and tackle 160. These figures also illustrate 
removal of the non-biologically resorbable portions of the tissue puncture closure assembly 1 00 firom 
a patient. The process described below is focused on the compression of the collagen sponge 180 
and anchor 185 so as to emphasize the particular points of the present invention. However, 
numerous other steps may be required to initially insert the tissue puncture closure assembly 1 00 into 
a natient and Dronerlv oosition the coUaeen snonee 180 and anchor 1 85 to seal the nuncture 1 06. 

-1. AAnTA ^. ....... . 

Such steps may include puncturing the vessel 190 and threading a guide wire (not shown) into the 
vessel 1 90. The insertion sheath 1 04 and a locator may then be threaded over the guide wire until the 
insertion sheath 104 has penetrated the vessel. The guide wire and locator may then be removed, 
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leaving the insertion sheath 1 04, through which tools such as the vascular closure device 1 02 may be 
delivered to the vascular puncture site. 

Fig 3 A is a cross-sectional view of the tissue puncture closure assembly 100 including one 
preferred embodiment of the block and tackle 160 following deployment of the anchor 185 and 
collagen sponge 1 80, but prior to sandwiching the puncture 1 06 by compressing the anchor 1 85 and 
the collagen sponge 1 80 together. Fig. 3 A represents the same situation illustrated in Figure 1 . Fig. 
3B is a cross-sectional view of the tissue puncture closure assembly 100 including the embodiment 
of the block and tackle component 1 60 shown in Fig. 3 A. Fig. 3B illustrates the generated tension in 
the first and second filaments 175, 145 by a force applied to the tab 115 in the direction of arrow 
302. As an outward force of IT is applied to the second filament 145 in the direction of the arrow 
302, the block and tackle 160 applies a force of 4T to first filament 175. The tension in the first 
filament 1 75 causes the slipknot 1 82 to slide and compress the collagen sponge 1 80 and the anchor 
1 85 together. Compression forces (represented by a pair of arrow 304, 306) across the puncture 1 06 
results in hemostasis. The additional force generated by the block and tackle 160 and the one-way 
slip knot 182 hold the collagen sponge 180 and anchor 185 together such that manual or spring 
pressure does not need to be applied in order to produce reliable hemostasis. 

Figs. 3C-3D are a cross-sectional views of the tissue pvmcture sealing assembly 1 00 including 
the embodiment of the block and tackle 160 shown in Fig. 3B and illustrating the removal and 
separation of a portion of the closure device 1 02 from the incision 1 08 , After the anchor 185 and the 
collagen sponge 180 have been compressed together across the puncture 106, all of the puncture 
closure assembly 100 components are removed fi-om the patient, except for the anchor 185, the 
collagen sponge 1 80, and the first filament 1 75. To remove the tissue pvmcture closure assembly 100 
(except for the components mentioned above), the first filament 1 75 may be cut proximal to the knot 
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1 82, and the closure device 1 02 and insertion sheath 1 04 are pulled away from the patient as shown 
in Fig. 3D. Alternatively, the plate 1 65 may remain in the incision 1 08 and the second filament 145 
may be cut one or more times, followed by removing the cap 105, the sleeve 140, and the insertion 
sheath 1 02 as shown in Fig. 3C. Further, any remaining segments of the second filament 145 may be 
withdrawn from the incision 108, or left in the incision if the second filament 145 comprises 
biologically resorbable materials. 

The present invention may be embodied in other specific forms without departing from its 
spirit or essential characteristics. The described embodiments are to be considered in all respects 
only as illustrative and not restrictive. The scope of the invention is, therefore, indicated by the 
appended claims rather than by the foregoing description. All changes which come within the 
meaning and range of equivalency of the claims are to be embraced within their scope. 
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